Abstract. Iron (II) complex ligated by 2-n-propyl-ketimino-1,10-phenanthroline(2,6-diethylanil) has been synthesized and evaluated with different co-catalysts of methylaluminoxane (MAO), modified methylaluminoxane (MMAO) and triethyl aluminum (AlEt 3 ) in ethylene oligomerization. The result shows the catalytic activities activated with MAO or MMAO are much higher than those with AlEt 3 under the same conditions, and these investigations provide useful information targeting the potential application in industrial consideration.
Introduction
α-Olefins have been extensively used in preparing detergents, lubricants, plasticizers, oil field chemicals, besides the monomers for copolymerization. In addition to the chromium-based on-purpose process for 1-hexene [1] , the full range process of ethylene oligomerization with a range of C 4 /C 6 up to C 20 + is currently the major industrial processes for the production of α-olefins, such as Ziegler process [2] , Shell Higher Olefin Process (SHOP) [3] .
Since a new class of iron (II) and cobalt (II) complexes bearing bis(imino)pyridyl ligands for the linear polymerization and oligomerization of ethylene was reported independently by Brookhart [4] and Gibson [5] in 1998, many works have been explored through direct modifications of the ligand frame which has led to a range of new tridentate ligand families [6, 7] .More efforts have been targeted at the central donor group, the side arms, and the imino substituents with the intent of making structure activity correlations [8] ; however, alternative models for iron (II) complexes with high catalytic activity have been more attractive. The iron (II) complexes ligated by 2-imino-1,10-phenanthrolines were specially interested with high activities for ethylene oligomerization [9, 10] , and the variation of the substituents of 2-imino-1,10-phenanthroline ligands results in changing their catalytic performances with the active order as aldimine < phenyl-ketimine <methyl-ketimine [9, 10] . Subsequently, the iron (II) complex with ethyl-ketimine group exhibited slightly lower activity in ethylene oligmerization [11] than analogs with methyl-ketimino ligands [9] , the advantages were but showed better thermal stability (10 ℃ higher in reaction temperature) and more oligomers with higher values, such as more portions of C 6 -C 16 α-olefins and less butanes. Therefore, the transition metal complex model with n-propyl-ketimine group is worthy of investigation ( Fig. 1) for commercial availability. Herein we report in detail its synthesis, characterization and its catalytic behavior towards ethylene oligomerization. O in tetrohydrofuran, followed by removal of the solvent and washing with ether to give the complex powder. Ethylene oligomerization. A 300 ml autoclave was heated under vacuum at 80 ℃ for 2 h and cooled to the room temperature and then vacuated-filled three times by nitrogen and once ethylene. 50 ml freshly distilled toluene, the co-catalyst MAO (or MMAO, AlEt 3 ), the precatalyst solution/suspension and 50 ml freshly distilled toluene were introduced into the reactor in order, the autoclave was sealed, and the ethylene pressure was increased to required pressure. During the oligomerization, ethylene was continuously fed with an electromagnetic auto-valve and the temperature was kept at prescribed temperature. The oligomerization was quenched by adding ethanol/HCl (5 wt%). Quantitative GC analysis of this solution was performed on the HP 7890 using a weighed aliquot of this solution with a weighed amount of toluene as standard.
Results and discussion
At present, MAO and MMAO, commonly with 20-25 % Al(i-Bu) 3 , are the most widely used activators for iron-and cobalt-based catalysts bearing 2-imino-1,10-phenanthrolinyl ligands. For the sake of simplicity, MAO is commonly referred to as linear chain or cyclic rings [-Al(Me)-O-]n containing three-coordinate aluminum centers, yet the true structure of MAO is still a matter of debate [13] . Other activators are Lewis-acids such as ethylaluminum chloride and triethylaluminum (AlEt 3 ). However, MAO and MMAO remain the most active and used co-catalysts in ethylene polymerization/oligomerization.
Ethylene oligomerization was individually investigated by iron (II) complex ( Fig.1) with MMAO, MAO and AlEt 3 as co-catalyst and the results are shown in Table 1 . According to the data in Table 1 , the catalytic activities activated with MAO or MMAO at 1.0 MPa ethylene pressure are higher than those with AlEt 3 . Elevated temperature (>20 ℃) and Al/Fe molar ratio (>600) result in dramatically decreased activity with AlEt 3 as co-catalyst.
The amount of co-catalyst MMAO had a significant effect on catalytic activities. At 1.0 MPa of ethylene pressure and Al/Fe molar ratios from 200 to 2000, the best performance was obtained at the ratio of 800 and showed an activity of 3.37×10 7 g mol -1 Fe•h -1 . The system required an excessive amount of co-catalyst MMAO for scavenging impurities from solvents or gas and producing active species, however, a greater excess of MMAO higher than the Al/Fe ratio 800:1 resulted in a lower activity due to hindering the insertion reaction of ethylene by the isobutyl group [14] and the most active species was formed at the Al/Fe ratio of 800. The amount of MAO had a similar effect on Materials Science Forum Vol. 859 159 catalytic activities with MMAO, and the highest activity is 3.87×10 7 g mol -1 Fe•h -1 at the Al/Fe molar ratio of 1000 at 1.0 MPa ethylene pressure.
There is no obvious change of selectivity for α-olefin with the enhancement of co-catalyst MMAO or MAO concentration. However, the product distribution is shifted to higher molecular weight first and then to a little bit lower molecular weight as the molar ratio of Al/Fe increases from 200 to 2000, which is characterized by the constant K [K= rate of propagation/(rate of propagation + rate of chain transfer)= moles of C n+2 /moles of C n ] [15, 16] . The K values are determined by the molar ratio of C 12 and C 14 fractions. 
Conclusions
Iron (II) complexe ligated by 2-n-propyl-ketimino-1,10-phenanthroline(2,6-diethylanil) in the assistance with MMAO as cocatalyst display high activities in ethylene oligomerization with good selectivity to α-olefins. The catalytic activities and distribution of resultant α-olefins closely depend on Al/Fe molar ratio. The iron (II) complex showed comparable catalytic activity by MAO and decreased catalytic activity by AlEt 3.
